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Abstract
A 1200 m long shallow seismic reflection profile is acquired across Uemachi fault system to explore
the subsurface geology in and around the fault zone area. Our aim is to investigate the subsurface
geometry of Uemachi fault plane as well as the shallow structures in the vicinity of the fault zone.
Data acquisition and processing parameters have been adapted to suite the harsh field conditions and
the noisy environment in this part of the city. Noise reduction techniques such as geophone arrays,
vertical stacking, and iterative velocity analysis are effective in enhancing signal- to -noise ratio in the
final stack. The Uemachi fault signature is clearly seen on both time section and interval velocity
fields. Moreover, three other shallow faults can be imaged on both sides of Uemachi fault plane. The
obtained results coincide well with the results of a previous seismic reflection survey. The later had
been conducted across Uemachi fault to the north of the study area. The presence of many shallow
faults within the fault zone suggests the possibility of recent activity of Uemachi fault.
Key - words : Seismic, shallow, fault, urban, Osaka.
Introduction
During the past decade, shallow reflection seismic
method has been increasingly used to explore shallow
subsurface structures in and around urban areas (Ex.
Henson et aI., 1996; Shoemaker et aI., 1997; Sato et aI,
1998; Bruno et aI., 1999; Collettini et aI., 2000;
Williams et aI., 2001; Rashed et aI., 2002). Conducting
a seismic survey in urban areas is a difficult task due
to numerous obstacles and challenges, e.g. space han-
dling, safety, and environmental precautions. Moreover,
seismic data collected in such areas commonly have a
low signal-to-noise ratio, which adds more difficulties
to extracting interpretable seismic section from these
data. However, in seismically active regions, such as
Japan, precise knowledge about the subsurface struc-
tures in urban areas, especially around inland shallow
faults, are of great importance. These shallow faults
can play a major role in focusing and amplifying the
strength of the seismic waves around the fault zone even
when the epicenter of earthquake is far away from the
fault zone (Shiono et aI., 1996). Geological hazards
associated with future ruptures are most likely to occur
in the vicinity of the already existing weak zones within
large fault systems (Bayarsayhan et aI., 1996; Gori et
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a!., 1987 & 1988). Most of the cities in Japan have suf-
fered from large earthquakes along inland active faults.
Accordingly, continuous geological and geophysical
explorations are required to reveal the geology and to
monitor the configuration of buried active faults as well
as the dynamic properties of the subsurface material
under many cities of Japan (Nakagawa et a\., 1996).
Thus, the availability of subsurface geologic infor-
mation is vital for long-term seismic hazard assessment
and for any possible future development plans in the
region. This need for precise image of the subsurface
geology under urban areas in Japan dictates the use of
an effective earth-imaging tool such as shallow seismic
reflection surveying in this difficult environment.
Geologic setting
Yamato River flows from east to west in the most
southern part of Osaka City, which is located in the
heart of Osaka Basin. The Osaka Basin lies nearly in
the central part of Japan and consists of Osaka City and
surrounding satellite cities and towns, which make the
basin the second largest industrial region and one of the
most highly populated areas in Japan.
Geologically, Osaka Basin is situated at the mid-
dle of Setouchi depression zone of southwest Japan
(Ikebe et a!., 1967). The basin has an elliptical shape
with the major axis of about 90 km long in the NE-SW
direction and the minor axis of 40 km long in the NW-
SE direction. Osaka Basin is filled by Upper Cenozoic
sediments and surrounded by mountainous areas composed
of Pre-Cenozoic rocks (Fig. 1). Geomorphologically,
the basin itself is divided into hilly areas, terrace-like
uplands, alluvial planes, and the submerged bottom of
Osaka Bay. Pliocene-Pleistocene sediments are well
exposed in hilly areas while drilling surveys have shown
that thicker layers of these sediments exist below the
lowland areas (Ikebe et a!., 1969).
This seismic survey was conducted parallel to
Yamato River and across the well- known Uemachi fault
Osaka Bay
,
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Fig. 1 General geological map of Osaka Basin (Simplified after Nakagawa et aI., 1996).
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system, which is a 40 km long, reverse fault that strikes
almost N - S (Fig. 1). In this region, the top layer is an
alluvial layer that is composed mainly of unconsolidated
marine clay, sand and sandy gravel. The average thick-
ness of this layer is about 15 m in the center of the
basin but it thickens towards the coastal zone of Osaka
t
Bay. Below the alluvium lie the terrace deposits that
belong to the middle and late Pleistocene. These
deposits are divided into the higher, middle and lower
terrace and consist of alternating beds of marine clay
wi th sand and non - marine clay, sand and gravel. The
terrace deposits overlie the very thick diluvial deposits
of Osaka Group that is divided into three major sub-
groups; the upper, the middle and the lower subgroup.
The upper and middle subgroups belong to the middle
and early Pleistocene, respectively, and are composed
mainly of alternating marine clay with sand and non-
marine clay, sand and sandy gravel layers. The lower
subgroup belongs to the Pliocene and is composed of
alternative non - marine clay, sand and gravel (Huzita et.
aI., 1983). The Cretaceous Basement Complex, which
is composed mainly of granitic rocks, un -conformably
underlies Osaka Group.
Data Acquisition
The planning and execution of the seismic field
survey are considerably difficult because of the limited
access to some sites and the extremely noisy conditions
of that highly urbanized region. The 1200-m long seis-
mic line has to be crooked to use the limited available
space along Yamato River bank (Fig. 2). Moreover,
shooting time has to be precisely adjusted to avoid the
noise from the huge nearby railway lines and other cul-
tural noise sources.
Choosing the seismic source is always critical
because the seismic source affects not only the fre-
quency content of the data but also the quantity of gen-
erated energy and the signal- to - noise ratio in the
recorded data (Miller et aI., 1986, 1992, and 1994). In
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Fig. 2 City Illap showing the location of the reflection seismic profile in Yamato
River area.
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the present survey, it is not possible to use explosive
source because of city restriction. Moreover, the accel-
erated weight-drop that had been used previously, in a
nearby area, provided low quality seismic data with a
considerably low SIN ratio (Rashed et aI., 2002). The
seismic source used in this study is a 3.5-ton, Tl5000
Mini - Vibroseis. After several sweep patterns were
tested, an up-sweep from 10 to 100 Hz with a sweep
time of 10 sec has been found adequate. For each shot,
the Mini - Vibroseis is fired three times, or more when
it is necessary, and the collected traces are vertically
stacked to increase the fold, attenuate incoherent noise,
and hence to improve the SIN ratio in the raw field
records.
The seismic reflection data are collected using an
array of six in -line geophones to attenuate the airwave
and surface waves and to emphasize common phase sig-
nal. The distance between each two successive geo-
phones is 1.4 m producing a 10 - m array interval. This
pattern is chosen in the basis of Verna and Roy equa-
tion (1970) for attenuating air-coupling waves. The
seismic data are recorded using a 60 - channel
StrataView RX60 seismograph. The data are collected
with 2048 samples per record at a 1.0 ms sampling inter-
val, resulting in a 2.048 sec record length. A 35 Hz
pre-AID low-cut filter (visual filter) is used to attenu-
ate ground - roll and other low frequency noise. A 60
Hz notch filter is also used to attenuate the interference
of the nearby electrical power lines induction with the
recorded data.
A standard common - mid -point (CMP) reflection
method is applied along the seismic line. An end -on
geometry method is used in the survey. However, the
mos t western 30 shots are collected using a split - spread
geometry due to accessibility problems. A shot inter-
val of 10m and source - receiver offset of 20 mare
found suitable. Recording parameters of the seismic
profile are shown in Table 1. The locations and alti-
tudes of the shot points and receiver stations are deter-
mined using a high -precision Global Positioning
System (GPS) and by measuring the relative distances
between successive stations in combination with a
small- scale map. The compiled data are used for the
geometry input during data processing (Fig. 3).
Data Processing
The quality of the collected data is considerably
poor and field records are invaded by different kinds of
coherent and ambient noise. Records acquired near the
high -voltage power lines are extremely dominated by
Table 1 Recording information.
Recording system StrataView RX60 (Geometries)
Source 3.5 ton Mini-Vibroseis T15000
Geophones 30-300 Hz
Geophones/Station 6 in-line array
Shot interval 10 m
Receiver interval 10 m
Offset 20 m
Channels 60 end-on& split spread geometry
Sampling interval 1.0 ms
Record length 2.048 s
Pre-AID filters Low-cut 30 Hz, Notch 60 Hz
60 Hz mono-frequency noise. Although a pre-AID low
cut filter and an in-line geophones array were used,
near-offset traces are invaded by ground roll and air-
waves while far-offset traces are contaminated by high
frequency noise (Fig. 4).
The data processing is performed using the PRO-
MAX commercial software mounted on a SunSpark 20
workstation. A routine processing flow is applied to the
seismic data. Table 2 shows the processing flow applied
to tbe present seismic data set.
Pre - processing steps involve transferring raw data
from field tapes to the workstation and converting data
from the SEGY format into ProMAX internal format.
The field geometrical parameters are edited into the
header file using the crooked -line geometry module and
followed by routine editing of the whole data set.
Elevation static correction is applied to the data and fol-
lowed by refraction static correction to compensate for
the minor surface irregularities and to remove the effect
of tbe near surface low -velocity layer (LVL). The
remaining static shifts are treated by applying residual
static correction in tbe latter stage of data processing
after normal move out (NMO) correction. Gain cor-
rection was performed using a 250 ms time window.
Selected shot gathers along the seismic line are fil-
tered with various band - pass filters and are displayed
in a panel form to determjne the most suitable band-
pass filter to be used (Fig. 5). The inspection of fre-
quency panels and frequency spectral analysis shows
that the frequency band from 30 to 50 Hz dominates
shallow reflections while electric interference noise is
represented by high amplitude 60 Hz. No signal can be
seen in frequencies higher than 60 Hz. The selected
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band-pass filter, 15-25-50-'60 Hz, is kept larger to
avoid eliminating useful frequencie. The slope of the
high cut part of the filter is kept gentle'to avoid fre-
qu ncy aliasing (Yilmaz, 2000).
Stacking velocitie are estimated from an integrated
analysis of con tant velocity gather, hyperbolic fitting,
dynamic stack and semblance plots (Figs. 6A, B, C and
D). This combination of tools i very effective in deter-
mining the best tacking velocities. By interactively
modifying the e velocities, the mo t coherent tack i
obtained. The velocity analy i performed twice.
Fir t the velocity analysis is performed on CDP gath-
ers. The determined velocities are used to apply NMO
correction. Re idual static correction is estimated from
the NMO-corrected CDP gathers. Inverse NMO cor-
rection is applied to the CDP gather after applying the
re idual static correction. Then, the velocity analysis i
performed once more. The purpo e of this operation is
to improve the results of the velocity analysis and to
get a more preci e estimation of the subsurface veloci-
tie by removing any remained tatics from the CDP
gathers before v locity analysi (Yilmaz, 2000). The
minor lateral velocity variation, except for the we tern
part of the seismic line, allows for a reliable determi-
nation of the optimum stacking velocity for the shallow
part of the seismic section. Stacking velocities range
from Ie s than 1400 m/sec in the shallowest part to more
than 3200 In/sec in the deepe t part of the sei mic ec-
tion (Fig. 7). The signature of the fault plane can be
clearly seen in the stacking velocity field driven from
the velocity analy i along the seismic line.
Deconvolution panel with different gates and oper-
ator lengths are di played in order to select the be t
deconvolution parameters to be u ed on this data et.
Predictive deconvolution is performed to improve the
temporal resolution by suppressing the multiples and
collap ing the wavelet to as much of a spike a possi-
ble. Finally, a slight trace Inixing i applied to the time
section in order to enhance the coherency of the reflec-
tions (Fig. 8).
Interpretation
The interpretation of any seismic profile requires
integration of the eismic section, P-wave velocity
information, and li tho -log from drillings near the loca-
tion of the sei mic line. Interpretation is also depend-
ent on some general geologic and seismic characteri -
tics of the s 11 bs urface layers that are known from
previous studie However, in this study area, the
absence of deep drillings near the location of the seis-
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Fig. 4 Sample of the shot gathers from the seismic line acquired in Yamato River area.
I-'
, (0
00
0
50 ;l>n..D
~:
100 o'?
"0
150 (3n~.
:::J
200 (JQt»
;:l
0-
250 ;.~
~
300
('l>
~
o'
;:l
350 s,
VJ
:::J""
=...
400 0-~
VJ
(1)
450 ;;':3
o'
500
--
~
V'.l ~
S so'
550 :::J(1J '"0
.5 g,
600 H ~p
n
650 ~c::
('l>
:3
700 pn:::J""
~
750 ~
t»
0-
800 ~;,<
850 :3t»(3
2?
900 <~
~
950 p?;""?
'--;
p
1000 '"0P:::J
RASHED, M., KAWAMURA, D., NAKAMUKAE, M., FUKUZUMI, T., NISHINO, H., YAMADA, S., NEMOTO, H., NAKAGAWA, K., TONOKO, N., FUJII, T. and ONO, N. 199
Table 2 Processing steps.
Data Input (SEG-Y)
Field Geometry
Editing
Elevation Statics
Refraction Statics
Gain Recovery
Frequency Filtering
Top Mute
Velocity Analysis (1)
NMO Correction (1)
Residual Statics
Inverse NMO Correction
Velocity Analysis (2)
NMO Correction (2)
Weighted Stacking
Predictive Deconvolution
Automatic Gain Control
Trace ]'vExing
mic line as well as the few previous geologic and geo-
physical studies, have made achieving a reliable and
precise interpretation of the acquired seismic line diffi-
cult. Moreover, faults are not easy to see on seismic
sections, especially those faults with no clear breaks and
no diffractions. If the fault is located within a zone
with many reflections that have about the same appear-
ance and quality, such as sand-clay sequence, which is
the case in Yamato River area, identifying one reflec-
tion from another becomes difficult (Coffeen, 1984). In
this case, a sharp change in the dip in several reflec-
tions that change slants across the seismic section may
indicate the fault plane location. Thus, it is not always
possible to separate and identify subsurface stratigraphic
units from the seismic section (Fig. 8).
Structurally, the Uemachi fault is well imaged on
the seismic section by two phenomena: (l) the abrupt
change in dip angle of several successive reflections (2)
the sudden disappearance of some strong continuous
reflections near the fault zone. The fault plane appears
on the seismic section as a reverse fault that dips to the
east with an angle of about 76 degrees (Fig. 9). This
dip angle and dip direction are consistent with those
estimated for the Uemachi fault plane about 15 km to
the north of the study area (Rashed et aI., 2002). The
location of the fault plane is also coincident with the
abrupt change in the interval velocity field that has been
estimated from the stacking velocity functions. A sud-
den change in subsurface velocity can be seen between
CDP 170 and CDP 200 in the interval velocity field
(Fig. 7).
The sudden change in dip and the significant dis-
placement of shallow reflections next to the fault on
both the up-thrown side and the down-thrown side of
the fault suggest the presence of other smaller fault
planes with less throw than the main fault plane.
Among those shallow faults, three fault planes can be
delineated with confidence. On the down -thrown side
of Uemachi fault, two normal fault planes are inter-
preted from the section. The first fault lies about 300
m to the east of the Uemachi fault plane and dips in the
same direction with about the same dip angle or less.
The sudden termination of reflectors near this fault and
the displacement within the stratigraphic units are best
seen between 100 ms and 470 ms between CDP 180 and
CDP 210. A second shallower normal fault plane that
dips to the west direction and intersects with the first
fault near 170 ms can be clearly recognized from the
displacements of several successive shallow reflections.
This fault has a smaller apparent displacement and dips
to the west with an angle of about 66 degrees. Similar
displacements can be seen within reflections from the
surface to 170 ms (Fig. 9).
One shallow normal fault can be clearly recognized
on the up -thrown side of the main Uemachi fault plane.
This fault lies between CDP 100 and CDP 140 and dips
to the west di rection with an angle of about 72 degrees
and intersects the Uemachi fault plane at 400 ms.
The vertical displacement of these three faults are
relatively smaller compared to that of the Uemachi fault
and they are probably secondary faults associated with
the major Uemachi fault. The presence of these shal-
low normal faults in the vicinity of a large reverse fault
zone can be attributed to the stretching force occurs
within the overlying sedimentary cover due to the ver-
tical displacement within the deep underlying basement
rocks.
Conclusions
Seismic reflection survey is conducted across the
well- known Uemachi fault system in order to study the
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subsurface geometry of the fault and to obtain a precise
image of the subsurface structure in the fault zone area.
Field procedures have been adapted to overcome the
noisy conditions in that crowded part of the city.
Geophone arrays and source vertical stacking are use-
ful in reducing noise within the field records. Seismic
data processing is routine with iteration of velocity
analysis. The interpretation of the final time section
shows clearly the location and geometry of Uemachi
fault. Interpretation also shows the presence of some
shallower normal faults on both the up-thrown side and
the down - thrown side of the main fault. The obtained
results are in harmony with the results of previous seis-
mic reflection survey conducted across the fault plane
to the north of the study area. These results suggest a
possible recent activity of Uemachi fault and should be
the starting point for an extensive research plan for
detailed investigations for this large, probably active
fault plane.
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